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DIRECTION OF MOVEMENT



\[,—\l/_ Movement Direction

FR=bm_ +bm,
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Regressors






Scientific Basis
— Geometric representation of similarity
— Natural movement can be decoded based on

movement direction

« Coordinate system origin located on the moving
effector

« Continuous Coding



Trajectory = Behavior Output









controller

Hochberg, NEJM, 359; 1175-1177, 2008




FR =b, +bm, +b,m, +b,m, +b,aperture
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FR =D, +bm, +b,m, +b;m, +b,yaw+b; pitch +b;roll +b,aperture



7 DOF BCI
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FR=Db, +bm, +b,m, +b;m, +b,yaw + b;pitch+ bgroll + b, pc, + bgpc, + bypc, +b;,pc,



Hand Shape Movie
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Drive Max Vel. (deg/s) Max Torque (N-m)
MCP PLanetary Drive 450 3.4

(Thumb / AbAd)

MCP Cycloidal Drive 450 2.65

(1 MF)

Wrist Flexor 120 3

Wrist Rotator 60 8

Upper Arm Drives 120 50 -60

Nominal Voltage: 24V

Peak Current:
Sleep Current:
Weight:

Size:

Fingers (1MF)
1 DOM / 3 DOF x4*

-
-

40 A max, 20 A general operation

<100 mA

Approx. 10 Ibs

Approx. 60 cm, shoulder to center of palm

Forearm

Thumb
4 DOM/F

s L

3 DOM/F

Palm
2DOM/ 3 DOF

17 DOM / 26 DOF
Anthropomorphic
range of motion

Humeral Rotator
1 DOM/F

Elbow
1 DOM/F

Removable Li-Po Battery

*2MF is 2 DOM / 3 DOF
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Shoulder
2 DOM/F










BRAIN-COMPUTER INTERFACE RESEARCH

UPMC Rehabilitation Institute and the
University of Pittsburgh School of Medicine

Early Testing and Research clip reel

1) Initial post-surgery device tests at UPMC Mercy
2) Feb. 21, 2012 - Second day moving robotic arm
3) Feb. 28, 2012 - After one week moving robotic arm

December 2012
TRT 0550
©2012 UPMC/Pitt Health Sciences



Single unit






Block ARAT



Shelf Demo



Rock ARAT
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Days Post-Implant



Rock Paper Scissors



RAIN-COMPUTER INTERFACE RESEARC

UPMC Rehabilitation Institute and the
University of Pittsburgh School of Medicine

dy participant Jan Scheuermann feeds her:

1 Nov. 28, 2012 - Chocolate bar

2) Nov. 30, 2012 - Chocolate bar
3) Nov. 30, 2012 - Chocolate truffle
4) Nov. 30, 2012 - String cheese

5) Nov. 30, 2012 - Red pepper

December 2012
TRT O5:27
©2012 UPMC/Pitt Health Sciences
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3 Axis Accelerometer -
Multi-Element Contact Array .

Heat Flux Sensor '
Absolute Position Sensor

Joint Temperature Sensor




Active Front-End
Flex Connector (satellite electronics)

Lead-Extension
Connector

Multi-Filar
Lead Extension

Wireless
Telemetry

Implanted
Controller



Arizona State

Dawn Taylor

Stephen Helms Tillery
Rob Isaacs

Peter Perepelkin
WenShan Lin

Albert Chi

Doug Weber

NSI

Dan Moran
Tony Reina
Ali Kakavand

Funding
DARPA-DSO
NINDS- NIH

NSI

UPMC

Whitaker Foundation

U. Pittsburgh
Meel Velliste
Angus McMorland
Beata Jarosiewicz
Steve Chase
George Fraser
Chance Spalding
Sagi Perel

Sam Clanton
Morgan Jeffries
Michael Palazzolo
Andrew Whitford
Scott Kennedy
Jeongwoo Sohn
Ingrid Albright
Laurel Sinko
Kathleen Dreher
Heather DiPietro
Emrah Diril

UPMC

Mike Boninger
Elke Brown

Jen Collinger
Alan Degenhart
John Downey
Rob Gaunt
Elizabeth Tyler-Kabera
Wel Wang
Doug Weber
Brian Wodlinger

CMU
Rob Kass
Valerie Ventura




